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APPEAL BRIEF 

Applicants submit this Appeal Brief to the Board of Patent Appeals and 
Interferences on appeal from the decision of the Examiner of Group Art Unit 1713 dated 
November 17, 2004, finally rejecting claims 1-19. Please charge the fee of $340.00 for 
filing this brief to Deposit Account No. 03-3345. 

Applicants further submit a Petition for a One Month Extension of Time 
extending the period for response to March 3, 2005. Please charge the fee of $1 10.00 for 
the One Month Extension of Time, along with any of credits or deficiencies, to Deposit 
Account No. 03-3345. 
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02 FC:1402 500.00 Dfl p^^ty in Interest 

The present application has been assigned to Fina Technology Inc., P.O. Box 
674412, Houston, Texas 77267. 
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Related Appeals and Interferences 

Appellants assert that no other appeals, interferences or judicial proceedings are 
known to the Appellants, the Appellants' legal representative or Assignee that will 
directly affect, be directly affected by or have a bearing on the Board's decision in the 
pending appeal. 

Status of Claims 

Claims 1-19 are pending in the application and were originally presented in the 
application. Claims 1-19 stand rejected under 35 U.S.C. § 102(b) and 35 U.S.C. § 
103(a). The rejection of the pending claimi> is appcmcd. Tlie pending claims are showTi 
in the attached Appendix A. 

Status of Amendments 
No amendments have been made to the pending claims. 

Summary of the Invention 

Conventional polymerization processes generally result in considerable amounts 
of unreacted monomers and low molecular weight polymers remaining entrained in the 
copolymer product after the polymerization process. However, the presence of these 
agents in the final polymer product may have adverse effects on such polymer's 
properties. Accordingly, removal of these undesirable volatile coniponents is highly 
desirable. See, specification, at least paragraph 2. 

One method of removing such agents is extrusion and/or steam stripping. 
Unfortunately such processes introduce the polymer product to stresses that contribute to 
undesirable gel formation, among other problems. See, specification, at least paragraph 
5. 

Accordingly, embodiments of the present invention provide a method of 
manufacturing a polymer including passing a block copolymerization product, such as 
polystyrene-6/ocfc-butadiene-Z?/oc^-polystyrene, through a first devolatilizer operated at a 
first low pressure to form a once devolatilized copolymer and passing the once 
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devolatilized block copolymer product from the first devolatilizer to a conduit. See, 
specification, at least paragraph 7. 

Issues Presented 

1. Whether the Examiner erred in rejecting claims 1-19 under 35 U.S.C. 
§ 102(b) as being anticipated by U.S. Patent No. 6,143,833 {Klussman) on grounds that 
Klussman does not show devolatilizing a block copolymer, as recited in the pending 
claims. 

2. Whether the Examiner erred in rejecting claims 1-19 under 35 U.S.C. 
§ 103(a) as being unpatentable over Klussman on grounds ilml Klussman does not teach, 
show or suggest devolatilizing a block copolymer, as recited in the pending claims. 

Arguments 

1. The Examiner erred in rejecting claims 1-19 under 35 U.S.C. 
§I02(B) AS being anticipated by Klussman because Klussman does 
not show devolatilizing a block copolymer. 

Applicants personally interviewed the pending claims with the Examiner on 
September 28^, 2004, where the Examiner concurred with the Applicants' argument that 
the process of Klussman is not identical to the process as claimed. See, Interview 
Summary dated September 28, 2004. However, the Examiner then issued a Final 
Rejection on November 17, 2004. 

The Final Rejection stated that regarding the claimed block copolymer feature. 
Applicants must recognize that Klussman involves the incorporation of polybutadiene 
into the disclosed styrene polymerization resulting in a copolymer having blocks of 
polybutadiene attached. See^ Final Rejection at page 3, second paragraph. 

The terms block copolymer and graft copolymer are terms known to one skilled in 
the art of polymer science, such definitions being discussed in further detail below. 

Applicants disagree that Klussman teaches "a copolymer having blocks of 
polybutadiene attached," as the Examiner asserts. Rather, Klussman teaches a copolymer 
including a polybutadiene backbone, which is NOT a copolymer, having blocks of 
polystyrene attached, forming a grafted copolymer. See, at least column 4, lines 21-40 
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and column 5, lines 20-21. Such grafted copolymer is shown below, where A denotes 

polybutadiene and B denotes polystyrene. 

AAAAAAAAAAAAA 
B 
B 
B 

A graft copolymer is a copolymer composed of graft macromolecules. Graft 
macromolecules are composed of blocks connected to a main chain as side-chains, these 
side-chains having constitutional or configurational features that differ fi-om those in the 
main chain. See, lUPAC Glossary of Basic Terms in Polymer Science, 68 Pure Applied 
Chemistry Joumal, 2287 (1996), Definitions 2.23 and 1.28, submitted herewith. 

The pending claims recite a block copolymer. A block copolymer is a copolymer 
composed of block macromolecules. Block macromolecules are composed of blocks in 
linear sequence. See, id, Definitions 1.26 and 2.22. A non-limiting example of such 
block copolymer is shown below. 

AAAABBBBBAAAAA 
The Examiner further states that a block copolymer means a copolymer having a 
regular placement of repeating units in a copolymer and whether the copolymer is linear, 
branched comb-like or ladder-like, as long as the copolymers of Klussman are having a 
regular placement of repeating units in a copolymer, the copolymers of Klussman are 
block copolymers. 

Applicants strongly disagree. The Examiner has provided no support for his 
definition of block copolymer and such definition is inaccurate based on the evidence 
provided above {e.g., linear sequences of one monomer unit followed by linear sequences 
of another.) As stated above, the backbone of Klussman is not composed of adjacent 
blocks within a linear chain. 

The Examiner further states that the grafted polystyrene block units can also be 
viewed as part of the main chain, which constitutes a block copolymer in the main chain. 
See, Final Rejection at page 3, third paragraph. 

Applicants strongly disagree. Polybutadiene is not grafted onto a backbone of 
polybutadiene and polystyrene. However, if the Examiner's position were correct {e.g., 
that the block copolymer backbone was AAAAABBBBB), the copolymer would not be a 



COS-867 Appeal Brief 



4 



monovinyl aromatic polymer containing grafted polybutadiene, as Klussman *s claim 1 

recites. Again, a graft copolymer includes a side chain having constitutional or 

configurational features that differ fi-om those in the main chain. The compound 

suggested by the Examiner and shown below does not meet such a definition. 

AAAAAAAAAABBBB 
A 
A 
A 
A 
A 
A 

Therefore, reversal of th^- rejection is respectfully reciuested. 



II. The Examiner erred in rejecting claims 1-19 under 35 U.S.C. 
§103(a) as being unpatentable over Klussman because Klussman 
does not teach, show or suggest devolatilizing a block 
copolymer 

The Examiner set forth the same arguments for the § 103(a) rejection as the 
§ 102(b) rejection. Applicants distinguished Klussman from the pending claims in the 
above discussion and feel that repeating such arguments is imnecessary. Based on such 
previously presented arguments, Applicants respectfully request reversal of the rejection. 



Conclusion 

In conclusion, Klussman nowhere teaches or suggests devolatilizing a block 
copolymer, such as recited in the pending claims. Thus, Applicants respectfully request 
reversal of the rejections of claims 1-19. 





Tenley R. Krue 
Registration NA. 31,253 
FiNA Technolqjgy, Inc. 
P.O. Box 674412 
Houston, Texas, 77267 
Telephone: 281-227-5386 
Fascimile: 281-227-5383 
Attorney for Applicant(s) 
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Appendix A 

Claims 

1 . (Original) A method of manufacturing a polymer comprising: 

passing a block copolymerization product through a first devolatilizer operated at 
a first low pressure to form a once devolatilized copolymer; and 

passing said once devolatilized block copolymer product from said first 
devolatilizer to a conduit. 

2. (Original) The method as recited in Claim 1 further including passing said 
once devolatilized block copolymer product fi"om said conuuil iiilu a second devolatilizer 
to form a twice devolatilized block copolymer. 

3. (Original) The method as recited in Claim 2 wherein said first devolatilizer is 
operated at a lower processing temperature than said second devolatilizer. 

4. (Original) The method as recited in Claim 3 wherein said first devolatilizer is 
operated at a temperature of about 145°F and said second devolatilizer is operated at a 
temperature of about 300°F. 

5. (Original) The method as recited in Claim 2 wherein said second devolatilizer 
is operated at a second low pressure wherein said second low pressure is less than said 
first low pressure. 

6. (Original) The method as recited in Claim 5 wherein said pressure of said 
first devolatilizer ranges fi-om about 20 Torr to about 200 Torr and said pressure of said 
second devolatilizer is equal to or less than about 20 Torr. 

7. (Original) The method as recited in Claim 1 wherein said passing includes 
passing said block copolymerization product comprising: 

a monovinyl aromatic homopolymer block; 
a conjugated diene block; 
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a random conjugated diene-monovinylic aromatic rubber block; and 
a monovinyl-substituted aromatic homopolymer block. 

8. (Original) The method as recited in Claim 1 wherein said passing said once 
devolatilized block copolymer includes passing to a pelletizer to form an end product. 

9. (Original) The method as recited in Claim 8 wherein passing said once 
devolatilized block includes passing through an extruder prior to passing said once 
devolatilized block copolymer product to said pelletizer. 

10. (Original) The method as recited in Claim 1 wherein said pressure of said 
first devolatilizer ranges from about .200 Torr to less than about 20 Torr. 

11. (Original) The method as recited in Claim 1 wherein said passing said once 
devolatilized block copolymer maximizes foam formation. 

12. (Original) A method of manufacturing a block copolymer comprising: 
passing a block copolymerization product through a first devolatilizer operated at 

a first low temperature to form a once devolatilized block copolymer product; 

passing said once devolatilized block copolymer product from said first 
devolatilizer to a second devolatilizer operated at a second low temperature to form a 
twice devolatilized block copolymer product. 

13. (Original) The method as recited in Claim 12 wherein said first low 
temperature is less than said second low temperature. 

14. (Original) The method as recited in Claim 13 wherein said first low 
temperature is about 145^F and said second low temperature is about 3Q0^F. 
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15. (Original) The method as recited in Claim 12 wherein a pressure of said first 
devolatilizer ranges from about 20 Torr to about 200 Torr and a pressure os said second 
devolatilizer is equal to or less than about 20 Torr. 

16. (Original) The method as recited in Claim 12 wherein said passing includes 
passing said block copolymerization product, comprising: 

a monovinyl aromatic homopolymer block; 
a conjugated diene block; 

a random conjugated diene-monovinylic aromatic rubber block; and 
a monvinyl-substituted aromatic homopolymer block. 

17. (Original) The method as recited in Claim 12 wherein said passing said once 
devolatilized block copolymer includes passing said twice devolatilized block copolymer 
product to a pelletizer to form an end product. 

18. (Original) The method as recited in Claim 17 wherein passing said once 
devolatilized block copolymer includes passing said twice devolatilized block copolymer 
product through an extruder prior to passing said twice devolatilized block copolymer 
product to said pelletizer. 

19. (Original) The method as recited in Claim 12 wherein said passing said block 
copolymer product through said first and second devolatilizers maximizes foam 
formation. 
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Appendix B 

Evidence 

lUPAC Glossary of Basic Terms in Polymer Science, 68 Pure Applied Chemistry Journal, 
2287(1996) 

U.S. Patent No. 6,143,833 (Klussman) 
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MOLECULES AND MOLECULAR 
STRUCTURE 

1.1 macromolecule 

polymer molecule 

A molecule of high relative 
molecular mass, the structure of 
which essentially comprises the 
multiple repetition of units derived, 
actually or conceptually, from 
molecules of low relative molecular 
mass. 



Notes 

1. In many cases, especially for synthetic 
polymers, a molecule can be regarded as 
having a high relative molecular massjf the 
addition or removal of one or a few of the 
units has a negligible effect on the molecular 



properties. This statement fails in the case of 
certain macromolecules for which the 
properties may be critically dependent on 
fine details of the molecular structure. 
2. If a part or the whole of the molecule has 
a high relative molecular mass and 
essentially comprises the multiple repetition 
of units derived, actually or conceptually, 
from molecules of low relative molecular 
mass, it may be described as either 
macromolecular or polymeric, or by 
polymer used adjectivally. 



1.2 oligomer molecule 



A molecule of intermediate relative 
molecular mass, the structure of 
which essentially comprises a small 
plurality of units derived, actually or 
conceptually, from molecules of 
lower relative molecular mass. 

Notes 

1. A molecule is regarded as having an 
intermediate relative molecular mass if it has 
properties which do vary significantly with 
the removal of one or a few of the units. 

2. If a part or the whole of the molecule has 
an intermediate relative molecular mass and 
essentially comprises a small plurality of 
units derived, actually or conceptually, from 
molecules of lower relative molecular mass, 
it may be described as oligomeric, or by 
oligomer used adjectivally. 



1.3 monomer molecule 



A molecule v^hich can undergo 
polymerization (see Definition 3.11 
thereby contributing constitutional 
units (see Definition L 14) to the 
essential structure of a 
macromolecule (see Definition LI) . 

1,4 regular macromolecule 

A macromolecule (see Definition 
\.W the structure of which 
essentially comprises the repetition 
of a single constitutional unit (see 
Definition LI 4) with all units 
connected identically with respect to 
directional sense. 



1.5 irregular macromolecule 



A macromolecule (see Definition 
1.1) , the structure of which 
essentially comprises the repetition 
of more than one type of 
constitutional unit (see Defmition 
1.14) . or a macromolecule the 
structure of which comprises 
constitutional units not all connected 
identically with respect to directional 
sense. 

Return to Top 
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1.6 linear macromolecule 

A macromolecule (see Definition 
LI}, the structure of which 
essentially comprises the multiple 
repetition in linear sequence of units 
derived, actually or conceptually, 
from molecules of low relative 
molecular mass. 

1.7 regular oligomer molecule 

An oligomer molecule (see 
Definition 1 .2) , the structure of 
which essentially comprises the 
repetition of a single constitutional 
imit (see Definition LI 4) with all 
units connected identically with 
respect to directional sense. 

1.8 monomeric unit 

monomer unit 
mer 

The largest constitutional unit (see 
Definition L14) contributed by a 
single monomer molecule (see 
Definition 1 3) to the structure of a 
macromolecule (see Definition LI) 
or oligomer molecule (see 
Definition L2V 



Note 

The largest constitutional unit contributed 
by a single monomer molecule to the 
structure of a macromolecule or oligomer 
molecule may be described as either 
monomeric, or by monomer used 
adjectivally. 

1.9 macromonomer molecule 

A macromolecule (see 
Definition 1.1) that has one end- 
group which enables it to act as a 
monomer molecule (see Definition 
1.3) , contributing only a single 
monomeric uni t (see Definition 1 .8) 
to a chain ofth^ fin**} 
macromolecule. 

1.10 macroradical 

A macromolecule (see Definition 
1.1) which is also a free radical. 

Return to Top 
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1.11 pre-polymer molecule 

A macromolecule (see Definition 
1,1) or oligomer molecule (see 
DejSnition L2) capable of entering, 
through reactive groups, into fiirther 
polymerization (see Definition 3.1) , 
thereby contributing more than one 
monomeric unit (see Definition 1.8) 
to at least one chain of the final 
macromolecule. 

Note 

A pre-polymer molecule capable of entering 
into further polymerization through reactive 
end-groups (see Definition 1.35) , often 
deliberately introduced, is known as a 
telechelic molecule. 

1.12 macromonomeric unit 

macromonomer unit 



The largest constitutional unit (see 



Definition 1.14) contributed by a 
single macromonomer molecule (see 
Definition 1.9) to the structure of a 
macromolecule (see Definition LI) . 

1.13 degree of polymerization 

The number of monomeric units ) in 
a macromolecule (see Definition 1.1) 
an oligomer molecule (see 
Definition 1.2) , a block (see 
Definition 1 .62) , or a chain (see 
Definition 1.30) , 

1.14 constitutional unit 

An atom or group of atoms (with 
pendant atoms or groups, if any) 
comprising a part of the essential 
structure of a macromolecule (see 
Definition 1.1) , an oligomer 
molecule (see Definition 1 .2) , a 
block (see Definition 1.62) , or a 
chain (see Definition 1.30) . 

1J5 constitutional repeating unit (CRU) 

The smallest constitutional xmit (see 
Definition 1.14 ), the repetition of 
which constitutes a regular 
macromolecule (see Definition I A). 
a regular oligomer molecule (see 
Definition 1.7) , a regular block (see 
Definition 1 .62) , or a regular chain 
(see Definition 1.30). 
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1.16 configurational unit 

A constitutional unit (see 
Definition 1.14) having at least one 
site of defined stereoisomerism. 

1.17 configurational base unit 

A constitutional repeating unit (see 
Definition 1.15) in a regular 



macromolecule (see Definition 1 A\ 
a regular oligomer molecule (see 
Definition L7) , a regular block (see 
Definition 1.62) , or a regular chain 
(see Definition L30) . the 
configuration of which is defined at 
least at one site of stereoisomerism 
in the main chain (see 
Definition 134\ 

1.18 configurational repeating unit 

The smallest set of successive 
configurational base units (see 
Definition LI 7) that prescribes 

- _ J.I 1 4^4.:^^ 

more sites of stereoisomerism in the 
main chain (see Definition L34) of a 
regular macromolecule (see 
Definition IA \ a regular oligomer 
molecule (see Definition 1.71 , a 
regular block (see Definition 1 .62) . 
or a regular chain (see Definition 
1.301 

1.19 stereorepeating unit 

A configurational repeating unit (see 
Definition LI 8) having defined 
configuration at all sites of 
stereoisomerism in the main chain 
(see Definition 134) of a regular 
macromolecule (see Definition L4) , 
a regular oligomer molecule (see 
Definition l.7\ a regular block (see 
Definition 1 .62) , or a regular chain 
(see Definition 1 30) . 

1.20 tacticity 

The orderliness of the succession of 
configurational repeating units (see 
Definition 1.181 in the main chain 
(see Definition 1 .34) of a regular 
macromolecule (see Definition 1.4) . 
a regular oligomer molecule (see 
Definition L7) , a regular block (see 
Definition 1.62) , or a regular chain 
(see Definition L3Q) . 
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1.21 tactic macromolecule 

A regular macromolecule (see 
Definition 1.4) in which essentially 
all the configurational (repeating) 
units ( see Definitions L 1 6 and L18 ) 
are identical 

1.22 stereoregular macromolecule 

A regular macromolecule (see 
Definition 1.4) essentiaiiy 
comprising only one species of 
stereorepeating unit (see Definition 
1.191 

1.23 isotactic macromolecule 

A tactic macromolecule (see 
Definition 1.21) , essentially 
comprising only one species of 
configurational base unit (see 
Definition 1.1 7\ which has chiral or 
prochiral atoms in the main chain 
(see Definition 1 .34) in a unique 
arrangement with respect to its 
adjacent constitutional units (see 
Definition 1.14) . 

Notes 

1. In an isotactic macromolecule, the 
configurational repeating unit (sec 
Defmition LI 6) is identical with the 
configurational base unit. 

2. An isotactic macromolecule 
consists of meso diads (see 
Definition 1.64X 

1.24 syndiotactic macromolecule 

A tactic macromolecule (see 
Definition \2\\ essentially 
comprising alternating enantiomeric 
configurational base units (see 
Definition L17\ which have chiral 
or prochiral atoms in the main chain 



(see Definition 1.34^ in a unique 
arrangement with respect to their 
adjacent constitutional units (see 
Definition L14) . 

Notes 

1. In a syndiotactic macromolecule, 
the configurational repeating unit 
consists of two configurational base 
units that are enantiomeric. 

2. A syndiotactic macromolecule 
consists of racemo diads (see 
Definition 1 .64) . 

1.25 atactic macromolecule 

A regular macromolecule (see 
Definition 1.4) in which the 
configurational (base) units (see 
Definitions 1.16 and 1.17) are not all 
identical. 
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1.26 block macromolecule 

A macromolecule (see Definition 
LI) which is composed of blocks 
(see Definition 1 .62) in linear 
sequence. 

1.27 junction unit 

A non-repeating atom or non- 
repeating group of atoms between 
blocks in a block macromolecule 
(see Definition L26V 

1.28 graft macromolecule 

A macromolecule (see Definition 
1.1) witii one or more species of 
block (see Definition 1 .62) 
connected to the main chain (see 
Definition L34) as side-chains (see 
Definition L53\ these side-chains 
having constitutional or 
configurational features that differ 



from those in the main chain. 

1.29 stereoblock macromolecule 

A block macromolecule (see 
Definition 1 26) composed of 
stereoregular, and possibly non- 
stereoregular, blocks (see Definition 
L62}. 

1.30 chain 

The whole or part of a 
macromolecule (see Definition IA\ 
an oligomer molecule (see Definition 
1 .2 K or a block (see Dcaiiiuou 1 .62 k 
comprising a linear or branched 
sequence of constitutional imits (see 
Definition 1.14) between two 
boundary constitutional units, each 
of which may be either an end-group 
(see Definition 1.35) . a branch point 
(see Definition 1.54), or an 
otherwise-designated characteristic 
feature of the macromolecule. 

Notes 

1. Except in linear single-strand 
macromolecules (see Definition 

1 .39) , the definition of a chain may 
be somewhat arbitrary. 

2. A cyclic macromolecule has no 
end-groups but may nevertheless be 
regarded as a chain. 

3. Any number of branch points may 
be present between the boundary 
units. 

4. Where appropriate, definitions 
relating to macromolecule may also 
be applied to chain. 
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1.31 subchain 

An arbitrarily chosen contiguous 
sequence of constitutional units (see 
Defmition 1.14) in a chain (see 



Definition 130) . 
Note 

The term subchain may be used to 
define designated subsets of the 
constitutional units in a chain. 

1.32 linear chain 

A chain (see Definition 1.30) with no 
branch points (see Definition L54) 
intemiediate between the.boundary 
units. 

1.33 branched chain 

A chain (see Definition 1.30) with at 
least one branch point (see 
Definition L54) intermediate 
between the boundary units. 

1.34 main chain 

backbone 

That linear chain (see Definition 
1 .32) to which all other chains, long 
(see Definition 1.36) or short (see 
Definition 1.37) or both, may be 
regarded as being pendant 

Note 

Where two or more chains could 
equally be considered to be the main 
chain, that one is selected which 
leads to the simplest representation 
of the molecule. 

1.35 end-group 

A constitutional unit (see Definition 
1.14) that is an extremity of a 
macromolecule (see Definition 1.1) 
or oligomer molecule (see Defmition 
1.2) . 

Note 

An end-group is attached to only one 
constitutional unit of a 
macromolecule or oligomer 



molecule. 
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1.36 long chain 

A chain (see Defmition 1.30) of high 
relative molecular mass. 

Note 

See Note 1 to Definition 1.1. 

137 short chain 

A chain (see Definition 1.30) of low 
relative molecular mass. 

Note 

See Note 1 to Definition 1 .2. 

1.38 single-strand chain 

A chain (see Definition 1.30) that 
comprises constitutional imits (see 
Definition 1.14) connected in such a 
way that adjacent constitutional imits 
are joined to each other through two 
atoms, one on each constitutional 
unit. 

1.39 single-strand macromolecule 

A macromolecule (see Definition 
1.1) that comprises constitutional 
units (see Definition 1.14) connected 
in such a way that adjacent 
constitutional units are joined to each 
other through two atoms, one on 
each constitutional unit. 

1.40 double-strand chain 

A chain (see Definition 1.30) that 
comprises constitutional units (see 
Definition 1.14) connected in such a 
way that adjacent constitutional units 
are joined to each other through three 
or four atoms, two on one side and 



either one or two on the other side of 
each constitutional unit. 
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1.41 double-strand macromolecule 

A macromolecule (see Definition 
LI) that comprises constitutional 
units (see Definition 1.14) connected 
in such a way that adjacent 
constitutional units are joined to each 
other through three or four atoms, 
two on one side and either one or 
two on the other side of each 
constitutional unit. 

1.42 spire chain 

A double-strand chain (see 
Definition 1 .40) consisting of an 
uninterrupted sequence of rings, with 
adjacent rings having only one atom 
in common. 

Note 

A spiro chain is a double-strand 
chain (see Definition L4Q) with 
adjacent constitutional units (see 
Definition' 1.14) joined to each other 
through three atoms, two on one side 
and one on the other side of each 
constitutional unit. 

1.43 spiro macromolecule 

A double-strand macromolecule (see 
Definition 1.41) consisting of an 
uninterrupted sequence of rings, with 
adjacent rings having only one atom 
in common. 

Note 

A spiro macromolecule is a double- 
strand macromolecule (see 
Definition L41) with adjacent 
constitutional units (see Definition 
L 14) joined to each other through 



three atoms, two on one side and one 
on the other side of each 
constitutional unit. 

1.44 ladder chain 

A double-strand chain (see 
Definition 1.40) consisting of an 
uninterrupted sequence of rings, with 
adjacent rings having two or more 
atoms in common. 

Note 

A ladder chain is a double-strand 
chain (see Definition 1.40) with 
adjacent constituliuiial uiiits ^see 
Defmition 1 . 1 4) joined to each other 
through four atoms, two on one side 
and two on the other side of each 
constitutional unit. 

1.45 ladder macromolecule 

A double-strand macromolecule (see 
Definition L41) consisting of an 
uninterrupted sequence of rings, with 
adjacent rings having two or more 
atoms in common. 

Note 

A ladder macromolecule is a double- 
strand macromolecule (see 
Definition 1.41) with adjacent 
constitutional imits (see Definition 
1.14) joined to each other through 
four atoms, two on one side and two 
on the other side of each 
constitutional unit. 

Return to Top 
Return to Alphabetical Terms 



1.46 multi-strand chain 

A chain (see Defmition 1 .30) that 
comprises constitutional xmits (see 
Definition 1.14) connected in such a 
way that adjacent constitutional units 
are joined to each other through 



more than four atoms, more than two 
on at least one side of each 
constitutional unit. 

Note 

A chain that comprises constitutional 
units joined to each other through n 
atoms on at least one side of each 
constitutional unit is termed an «- 
strand chain, e.g., three-strand 
chain. If an uncertainty exists in 
defining n, the highest possible 
number is selected. 

1.47 multi-strand macromolecule 

A macromolecule (see Definition 
LI) that comprises constitutional 
units (see Definition 1.14) connected 
in such a way that adjacent 
constitutional units are joined to each 
other through more than four atoms, 
more than two on at least one side of 
each constitutional unit. 

Note 

A macromolecule that comprises 
constitutional imits joined to each 
other through n atoms on at least one 
side of each constitutional unit is 
termed an n-strand macromolecule, 
e.g., three-strand macromolecule. If 
an ambiguity exists in defining n, the 
highest possible number is selected. 

1.48 skeletal structure 

The sequence of atoms in the 
constitutional xmit(s) (see Definition 
1.14) of a macromolecule (see 
Definition 1.1) . an oligomer 
molecule (see Definition 1.2) , a 
block (see Definition 1.62) , or a 
chain (see Definition 1.30) , which 
defines the essential topological 
representation. 

1.49 skeletal atom 

An atom in a skeletal structure (see 



Definition L48Y 



1.50 skeletal bond 

A bond connecting two skeletal 
atoms (see Definition 1.49) . 
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1.51 star macromolecule 

A macromolecule (see Definition 
1.1) containing a single branch point 
(see Definition 1.54) from which 
linear chains (see Definition 1.32) 
(arms) emanate. 

Notes 

1. A star macromolecule with n 
linear chains (arms) attached to the 
branch point is termed an /t-star 
macromolecule, e.g., five-star 
macromolecule. 

2. If the arms of a star 
macromolecule are identical with 
respect to constitution and degree of 
polymerization, the macromolecule 
is termed a regular star 
macromolecule. 

3. If different arms of a star 
macromolecule are composed of 
different monomeric units, the 
macromolecule is termed a 
variegated star macromolecule. 

1.52 comb macromolecule 

A macromolecule (see Definition 
1.1) comprising a main chain (see 
Definition 1.34) with multiple 
trifimctional branch points (see 
Definition 1.54) fi"om each of which 
a linear side-chain (see Definition 
1.53) emanates. 

Notes 

1. If the subchains between the 
branch points of the main chain and 



the terminal subchains of the main 
chain are identical with respect to 
constitution and degree of 
polymerization, and the side chains 
are identical with respect to 
constitution and degree of 
polymerization (see Definition LI 3 ). 
the macromolecule is termed a 
regular comb macromolecule. 

2. If at least some of the branch 
points are of functionality greater 
than three, the macromolecule may 
be termed a brush macromolecule. 

1*53 ui aiiCu 

side-chain 
pendant chain 

An oligomeric (see Definition 1 .2) or 
polymeric (see Definition LI) 
offshoot from a macromolecular (see 
Definition LI) chain (see Definition 
L30). 

Notes 

1. An oligomeric branch may be 
termed a short-chain branch. 

2. A polymeric branch may be 
termed a long-chain branch. 

1.54 branch point 

A point on a chain (see Definition 
L30) at which a branch (see 
Definition L53) is attached. 

Notes 

1. A branch point from which /linear 
chains emanate may be termed an /- 
functional branch point, e.g., five- 
functional branch point. 
Alternatively, the terms 
trifunctional, tetrafunctional, 
pentafunctional, etc. may be used, 
e.g., pentafunctional branch point. 

2. A branch point in a network may 
be termed a junction point. 



1.55 branch unit 



A constitutional unit (see Definition 
L14) containing a branch point (see 
Definition 1,54) . 

Note 

A branch unit fi'om which /linear 
chains emanate may be termed an /- 
functional branch unit, e.g., five- 
functional branch xmit. Altematively, 
the terms trifunctional, 
tetrafunctional, pentafunctional, 
etc. may be used, e.g., 
pentafunctional branch unit. 
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1.56 pendant group 

side-group 

An offshoot, neither oligomeric (see 
Definition 1 .2) nor polymeric (see 
Definition LI) , firom a chain (see 
Definition 1.30) . 

1.57 macrocycle 

A cyclic macromolecule (see 
Definition 1.1) or a macromolecular 
cyclic portion of a macromolecule. 

Notes 

1. See Note 2 to Definition 1.30. 

2. In the literature, the term macrocycle is 
sometimes used for molecules of low 
relative molecular mass that would not be 
considered macromolecules as specified in 
Definition 1.1. 

1.58 network 

A highly ramified macromolecule 
(see Definition \A^ in Avhich 
essentially each constitutional unit 
(see Definition LI 4) is connected to 
each other constitutional unit and to 
the macroscopic phase boundary by 



many permanent paths through the 
macromolecule, the number of such 
paths increasing with the average 
number of intervening bonds; the 
paths must on the average be co- 
extensive with the macromolecule. 

Notes 

1. Usually, and in all systems that exhibit 
rubber elasticity, the number of distinct 
paths is very high, but, in most cases, some 
constitutional units exist which are 
connected by a single path only. 

2. If the permanent paths through the 
structure of a network are all formed by 
covalent bonds, the term covalent network 
may be used. 

3. The term physical network may be used 
if the permanent paths through the structure 
of a network are not all formed by covalent 
bonds but, at least in part, by physical 
interactions, such that removal of the 
interactions leaves individual 
macromolecules or a macromolecule that is 
not a network. 

1.59 crosslink 

A small region in a macromolecule 
(see Definition I.l) from which at 
least four chains (see Definition 
1.30) emanate, and formed by 
reactions involving sites or groups 
on existing macromolecules or by 
interactions between existing 
macromolecules. 

Notes 

1. The small region may be an atom, a group 
of atoms, or a number of branch points 
connected by bonds, groups of atoms, or 
oligomeric chains. 

2. In the majority of cases, a crosslink is a 
covalent structure but the term is also used 
to describe sites of weaker chemical 
interactions, portions of crystallites, and 
even physical interactions and 
entanglements. 

1.60 micronetwork 

A highly ramified macromolecule 
(see Definition 1.1) that contains 
cyclic structures and is of colloidal 
dimensions. 



1.61 loose end 



A chain (see Definition 1.301 only 
one point of which is attached to a 
network (see Definition 1.58) . 

1.62 block 

A portion of a macromolecnle (see 
Definition LI) , comprising many 
constitutional units (see Definition 
1.14) , that has at least one feature 
which is not present in the adjacent 
portions. 

Note 

Where appropriate, definitions relating to 
macromolecule may also be applied to 
block, 

1.63 constitutional sequence 

The whole or part of a chain (see 
Definition 1.30) comprising one or 
more species of constitutional unit(s) 
(see Definition 1.14) in defined 
sequence. 

Note 

Constitutional sequences comprising two 
constitutional units are termed diads, those 
comprising three constitutional units triads, 
and so on. In order of increasing sequence 
lengths they are called tetrads, pentads, 
hexads, heptads, octads, nonads, decads, 
undecads, etc. 

1.64 configurational sequence 

The whole or part of a chain (see 
Definition 1.3Q) comprising one or 
more species of configurational unit 
(s) (see Definition 1.16) in defined 
sequence. 

Note 

Configurational sequences comprising two 
configurational units are termed diads, those 
with three such configurational units triads, 



and so on. In order of increasing sequence 
lengths they are called tetrads, pentads, 
hexads, heptads, octads, nonads, decads, 
undecads, etc. 

1.65 polyelectrolyte molecule 

A macromolecule (see Definition 
LI) in which a substantial portion of 
the constitutional units (see 
Definition LI 4) have ionizable or 
ionic groups, or both. 
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1.66 ionomer molecule 

A macromolecule (see Definition 
LI) in which a small but significant 
proportion of the constitutional units 
(see Definition LI 4) have ionizable 
or ionic groups, or both. 

Note 

Some protein molecules may be classified as 
ionomer molecules 
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SUBSTANCES 



2.1 monomer 



A substance composed of monomer 
molecules (see Definition 1.3). 



2.2 polymer 



A substance composed of 
macromolecules (see Definition 1.1) . 



2.3 oligomer 



A substance composed of oligomer 
molecules (see Definition 1 .2) . 

Note 



An oligomer obtained by 
telomerizatio n (see Definition 3.2) is 
often termed a telomer. 



2.4 homopolymer 



A polymer (see Definition 2.2) 
derived from one species of (real, 
implicit or hypothetical) monomer 
(see Definition 2>1) . 

Notes 

1. Many polymers are made by the mutual 
reaction of complementary monomers. 
These monomers can readily be visualized 
as reacting to give an "implicit monomer", 
the homopolymerization of which would 
give the actual product, which can be 
regarded as a homopolymer. Common 
examples are poly(ethylene terephthalate) 
and noly(hexamethylene adipamide). 

2. Some polymers are obtained by the 
chemical modification of other polymers 
such that the structure of the 
macromolecules that constitute the resulting 
polymer can be thought of as having been 
formed by the homopolymerization of a 
hypothetical monomer. These polymers can 
be regarded as homopolymers. Example: 
poly(vinyl alcohol). 

2.5 copolymer 

A polymer (sec Definition 2.2) 
derived from more than one species 
of monomer (see Definition 2.1) . 

Note 

Copolymers that are obtained by 
copolymerization (see Definition 3.4) of two 
monomer species are sometimes termed 
bipolymers, those obtained from three 
monomers terpolymers, those obtained 
from four monomers quaterpolymers, etc.. 

Return to Top 

2.6 Retum to Alphabetical Terms 
pseudo-copolymer 

An irregular polymer (see Definition 
2.16) , the molecules of which are 
derived from only one species of 
monomer (see Definition 2.1) but 
which display a variety of structural 
features more appropriate for 
description in copolymer (see 
Definition 2.5) terms. 



Note 



Where appropriate, adjectives specifying the 
types of copolymer may be applied to 
pseudo-copolymer. The term statistical 
pseudo-copolymer, for instance, may be 
used to describe an irregular polymer in the 
molecules of which the sequential 
distribution of configurational units obeys 
known statistical laws (see Definition 2.9 ). 

2.7 co-oligomer 

An oligomer (see Definitioti 2.3) 
derived from more than one species 
of monomer (see Definition 2.1) . 

2.8 pseudo-co-oligomer 

An irregular oligomer (see Definition 
23\ the molecules of which are 
derived from only one species of 
monomer (see Definition 2.1) but 
which display a variety of structural 
features more appropriate for 
description in co-oligomer (see 
Definition 2.7) terms. 

2.9 statistical copolymer 

A copolymer (see Definition 2.5) 
consisting of macromolecules (see 
Definition 1.1) in which the 
sequential distribution of the 
monomeric units (see Definition L8) 
obeys known statistical laws. 

Note 

An example of a statistical copolymer is one 
consisting of macromolecules in which the 
sequential distribution of monomeric units 
follows Markovian statistics. 

2.10 random copolymer 

A copolymer (see Definition 2.5) 
consisting of macromolecules (see 
Definition I.l) in which the 
probability of finding a given 
monomeric unit (see Definition 1.8) 
at any given site in the chain (see 
Definition 1 .30) is independent of 
the nature of the adjacent units. 



Note 



In a random copolymer, the sequence 
distribution of monomeric units follows 
Bemoullian statistics. 



2.11 Retiini to Top 
alternating Return to Alphabetical Terms 
copolymer 

A copolymer (see Definition 2,5) 
consisting of macromolecules (see 
Definition 1.1) comprising two 
species of monomeric units (see 
Definition 1.8) in alternating 
sequence. 

An alternating copolymer may be 
considered as a homopolymer derived from 
an implicit or hypothetical monomer; see 
Note 1 to Definition 2.4 . 

2.12 periodic copolymer 

A copolymer (see Definition 2.5) 
consisting of macromolecules (see 
Definition 1.1) comprising more than 
two species of monomeric units (see 
Definition 1.8) in regular sequence. 

2.13 uniform polymer 

monodisperse polymer 

A polymer (see Definition 2.2) 
composed of molecules uniform with 
respect to relative molecular mass 
and constitution. 

Notes 

1. A polymer comprising a mixture of linear 
(see Definition 1 .32 ) and branched (see 
Definition 1.33) chains, all of uniform 
relative molecular mass, is not uniform. 

2. A copolymer comprising linear molecules 
of uniform relative molecular mass and 
uniform elemental composition but different 
sequential arrangements of the various types 
of monomeric units (see Definition 1.8 \ is 
not uniform (e.g., a copolymer comprising 
molecules with a random arrangement as 
well as a block arrangement of monomeric 
units). 

3. A polymer uniform with respect only to 
either relative molecular mass or 



constitution may be termed uniform, 
provided a suitable qualifier is used (e.g., "a 
polymer uniform with respect to relative 
molecular mass"). 
4. The adjectives monodisperse and 
polydisperse are deeply rooted in the 
literature, despite the former being non- 
descriptive and self-contradictory. They are 
in common usage and it is recognized diat 
they will continue to be used for some time; 
nevertheless, more satisfactory terms are 
clearly desirable. After an extensive search 
for possible replacements, the terms uniform 
and non-uniform have been selected and 
they are now the preferred adjectives. 

2.14 non-uniform polymer 

polydisperse polymer 

A polymer (see Definition 22) 
comprising molecules non-uniform 
with respect to relative molecular 
mass or constitution or both. 

Note 

See Notes 3 and 4 to Definition 2.13. 

2.15 regular polymer 

A polymer composed of regular 

macromolecules (see Definition \A\ 
regular star macromolecules (see 
Definition 1.51) . or regular comb 
macromolecules (see Definition 
L52). 

Note 

A polymer consisting of star 
macromolecules with arms identical with 
respect to constitution and degree of 
polymerisation is considered to be regular; 
see Note 2 to Definition 1.51 . Analogously, 
a polymer consisting of comb 
macromolecules with the sub-chains 
between the branch points of the main chain 
and the terminal sub-chains of the main 
chain identical with respect to constitution 
and degree of polymerisation and the side- . 
chains identical with respect to constitution 
and degree of polymerisation is considered 
to be regular; see Note 1 to Definition 1 .52 . 



2.16 

irregular 
polymer 
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A polymer composed of irregular 
macromolecules (see Definition 1.5) . 

2.17 tactic polymer 

A polymer composed of tactic 
macromolecules (see Defmition 
L21}. 

2.18 isotactic polymer 

A polymer composed of isotactic 
macromolecules (see Definition 
L23) . 

2.19 syndiotactic polymer 

A polymer composed of syndiotactic 
macromolecules (see Definition 
1 .24) . 

2.20 stereoregular polymer 

A polymer composed of 
stereoregular macromolecules (see 
Definition L22) . 
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2.21 atactic polymer 

A polymer composed of atactic 
macromolecules (see Definition 
L25). 

2.22 block polymer 

A polymer composed of block 
macromolecules (see Definition 
L26}. 

2.23 graft polymer 

A polymer composed of graft 
macromolecules (see Definition 
L28}. 



2.24 block copolymer 



A copolymer (see Definition 2.5) 
that is a block polymer (see 
Definition 2.22) . 

Note 

In the constituent macromolecules of a block 
copolymer, adjacent blocks are 
constitutionally different, i.e., adjacent 
blocks comprise constitutional units (see 
Definition 1.14) derived from different 
species of monomer (see Definition 2.1) or 
from the same species of monomer but with 
a different composition or sequence 
distribution of constitutional units. 

2.25 graft copolymer 

A copolymer (see Definition 2.5) 
that is a graft polymer (see 
Definition 223\ 

Note 

In the constituent macromolecules of a graft 
copolymer, adjacent blocks in the main 
chain or side-chains, or both, are 
constitutionally different, i.e., adjacent 
blocks comprise constitutional units (see 
Definition 1.14) derived from different 
species of monomer (see Definition 2.1) or 
from the same species of monomer but with 
a different composition or sequence 
distribution of constitutional units. 

2.26 Return to Top 
stereoblock Return to Alphabetical Terms 
polymer 

A polymer composed of stereoblock 
macromolecules (see Definition 
L29}. 

2.27 linear polymer 

A polymer (see Definition 2.2) 
composed of linear macromolecules 
(see Definition L6\ 

2.28 linear copolymer 

A copolymer (see Definition 2.5) 
composed of linear macromolecules 
(see Definition L6) . 



2.29 single-strand polymer 



A polymer (see Definition 2.2 ), the 
macromolecules (see Definition 1.1^ 
of which are single-strand 
macromolecules (see Definition 
JL39}. 

2.30 double-strand polymer 

A polymer (see Definition 2.2) . the 
macromolecules (see Definition LI) 
of which are double-strand 
macromolecules (see Definition 
Ml). 

Notes 

1. A polynici", the macrGmclccjIes cf v/hich 
are spiro macromolecules (see Definition 
1.43) , is termed a spiro polymer. 

2. A polymer, the macromolecules of which 
are ladder macromolecules (see Definition 
1.451 is tenned a ladder polymer. 

2.31 Return to Top 
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strand copolymer 

A copolymer (see Definition 2.5) . 
the macromolecules (see Definition 
1.1) of which are double-strand 
macromolecules (see Definition 
1.41) . 

2.32 star polymer 

A polymer composed of star 
macromolecules (see Definition 
L51}. 

2.33 comb polymer 

A polymer composed of comb 
macromolecules (see Definition 
1.52) . 

Note 

See the Notes to Definitions 1.52 and 2.15 

2.34 branched polymer 

A polymer (see Definition 2.2) . the 
molecules of which are branched 
chains (see Definition 1.33) . 



2.35 macromonomer 



A polymer composed of 
macromonomer molecules (see 
Defmition 1.9) . 
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2.36 mesogenic monomer 

A monomer (see Definition 2.1) 
which can impart the properties of 
liquid crystals to the polymers (see 
Definition 2.2) formed by its 
polymerization (see Definition 3.1) . 

2.37 pre-polymer 

A polymer or oligomer composed of 
pre-polymer molecules (see 
Definition 1.11) . 

2.38 polyelectrolyte 

A polymer composed of 
polyelectrolyte molecules (see 
Definition 1.65) . 

2.39 ionomer 

A polymer composed of ionomer 
molecules (see Definition 1.66) . 

2.40 polymer blend 

A macroscopically homogeneous 
mixture of two or more different 
species of polymer (see Definition 
2.2) . 

Notes 

1. In most cases, blends are homogeneous 
on scales smaller than several times visual 
optical wavelengths. 

2. For polymer blends, no account is taken 
of the miscibility or immiscibility of the 
constituent polymers, i.e., no assumption is 
made regarding the number of phases 
present. 

3. The use of the term polymer alloy for a 



polymer blend is discouraged. 
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2.41 network polymer 

polymer network 

A polymer composed of one or more 
networks (see Definition L58V 

2.42 semi-interpenetrating polymer network 
(SIPN) 

A polymer (see Definition 2.2) 
comprising one or more networks 
(see Definition L58) and one or 
more linear (see Definition 1 .32) or 
branched (see Definition L33) 
polymer(s) characterized by the 
penetration on a molecular scale of at 
least one of the networks by at least 
some of the linear or branched 
macromolecules. 

Note 

Semi-interpenetrating polymer networks are 
distinguished from interpenetrating polymer 
networks because the constituent linear or 
branched polymers can, in principle, be 
separated from the constituent polymer 
network(s) without breaking chemical 
bonds; they are polymer blends. 

2.43 interpenetrating polymer network (IPN) 

A polymer (see Definition 2.2) 
comprising two or more networks 
(see Definition 1 .58) which are at 
least partially interlaced on a 
molecular scale but not covalently 
bonded to each other and cannot be 
separated unless chemical bonds are 
broken. 

Note 

A mixture of two or more pre-formed 
polymer networks is not an IPN, 

2.44 polymer-polymer complex 

A complex, at least two components 



of which are different polymers (see 
Definition 22) . 
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